nificant decrease in the risk of CAD/event versus no CAD (quartile 4 versus quartile 1: odds ratio = 0.59, p = 0.03). There was a nonsignificant trend towards a decreased risk of CAD as compared to no CAD, and for CAD/event versus CAD. Conclusions: In non-ACS patients, higher sCD40L levels were associated with a decreased risk of CAD. This novel interaction of sCD40L raises interesting questions for CAD pathogenesis.
Introduction
Markers of myocardial cell necrosis, most notably troponin I and troponin T, have been invaluable in the rapid diagnosis of acute coronary syndrome (ACS). However, these markers do not measure coronary plaque stability, leukocyte activation or platelet aggregation, processes that contribute to inflammation and thrombosis. Since inflammation and thrombosis are critical factors in ACS, the development of markers that identify the upregulation of these processes could result in the earlier identification of patients with high-risk atherosclerotic lesions.
Platelet-monocyte (heterotypic) aggregates are important in the pathogenesis of atherosclerotic lesions [1] and appear to be an early marker of ACS [2] . One marker of platelet aggregation that plays an important role in thrombosis and plaque destabilization is CD40 ligand (CD40L) [3, 4] . CD40L and its receptor CD40 are found on a variety of cells, including endothelial cells, smooth muscle cells and platelets [5] . Binding of CD40L and CD40 stimulates endothelial cells and smooth muscle cells to express molecules critical for leukocyte adhesion, which leads to atherogenesis, including vascular cell adhesion molecule-1, E-selectin and intercellular adhesion molecule-1 [5] .
The soluble form of CD40, soluble CD40L (sCD40L), is released after platelet stimulation [6, 7] and induces tissue factor expression on monocytes [8] and endothelial cells [9] , accelerating the inflammatory process and promoting coagulation. Patients with ACS [10] and unstable angina [11] have elevated levels of sCD40L when compared to controls. In addition, elevated levels of sCD40L independently predict risk of future death and recurrent myocardial infarction (MI) in patients with ACS [12] . Among healthy women [13] , sCD40L levels were significantly higher among participants who developed acute MI (AMI), stroke or suffered a cardiovascular death than among age-and smoking-matched controls. However, to date, no study has prospectively correlated sCD40L levels and coronary artery disease (CAD) risk in stable, non-ACS patients. The current study investigated the correlation between baseline sCD40L levels in non-AMI patients admitted for coronary angiography and the risk of CAD, death and AMI during long-term follow-up.
Methods

Study Hypothesis
We tested the hypothesis that baseline sCD40L levels in stable, non-MI patients would not differ among 3 age-and gendermatched groups. The first group consisted of patients with CAD who experienced a future cardiovascular event (CVE), the second group included patients with CAD who did not have a future CVE and the third group comprised patients without CAD or a future CVE. All patients were followed for 1 year.
Patients
Patients undergoing coronary angiography were enrolled in the cardiac catheterization registry of the Intermountain Heart Collaborative Study. Study participants were adults 18 years of age or older but otherwise of unrestricted age and sex who were evaluated by angiography for suspected CAD or other conditions requiring angiographic evaluation. Patients included individuals admitted for AMI, unstable angina or stable exertional angina, and were referred for angiography from throughout Utah as well as from southwest Wyoming, southern Idaho and eastern Nevada. Participants provided written informed consent for blood drawn at angiography to be used in confidential blood bank studies. This study was approved by the hospital's institutional review board.
A three-way matching scheme [by age ( 8 5 years), gender and time period of catheterization ( 8 1 year)] was used to identify 303 patients with CAD ( 6 70% stenosis in 6 1 major vessel) who experienced a CVE such as death or AMI within 1 year of follow-up, 303 patients with CAD but with no CVE and 303 free from CAD and CVE, in a nested case-control design. Patients presenting with AMI [unstable angina (progressive symptoms or symptoms at rest) or AMI (creatine kinase MB 1 6 mg/dl and creatine kinase MB index 1 3%)] were excluded.
Assessment of CAD was made by review of angiograms by a cardiologist (blinded to the results of blood testing for inflammatory and serological markers) and results were entered into the computer database in a format modified after the Coronary Artery Surgery Study (CASS) protocol [14] . At the time of cardiac catheterization, a blood specimen was obtained from each patient and stored for analyses.
Demographics, including age, gender, diabetes mellitus, hyperlipidemia, hypertension, smoking and family history of coronary heart disease, were collected using computerized data forms. Prehospital medication use was not known and thus medication use could not be compared between patients. Diabetes was defined as a history of fasting blood sugar 6 126 mg/dl or use of antidiabetic medication. Hypertension was defined as systolic blood pressure 6 140 mm Hg, diastolic blood pressure 6 90 mm Hg or treatment with antihypertensive medication. Hyperlipidemia was defined as a total cholesterol 6 200 mg/dl, low-density lipoprotein cholesterol 6 130 mg/dl or use of a cholesterol-lowering agent. Family history was positive if a first-order relative had a cardiovascular death, MI or coronary revascularization before 65 years of age. Tobacco use included active smokers and those with a smoking history 1 10 pack-years.
Determination of sCD40L Levels
Serum sCD40L levels were measured by enzyme-linked immunosorbent assay (R&D Systems) and separated into 4 quartiles: quartile 1 (Q1) was an sCD40L level ! 108 pg/ml, quartile 2 (Q2) was 108-273 pg/ml, quartile 3 (Q3) was 274-648 pg/ml and quartile 4 (Q4) was 6 649 pg/ml.
Determination of C-Reactive Protein
Testing for C-reactive protein (CRP) was performed with the use of a fluorescence polarization immunoassay (TDxFLEx Analyzer, Abbott Diagnostics). After determination of all baseline CRP levels, the cohort was divided into tertiles (CRP 1st tertile ! 1.2 mg/dl, 2nd tertile 1.2-1.7 mg/dl and 3rd tertile 1 1.7 mg/dl), based on individual patient CRP values. This medium sensitivity assay has been shown to have differing (higher) values than highsensitivity methods but to be at least as predictive of outcomes [15] .
Statistical Considerations
Comparison of sCD40L levels to other covariates and study endpoints was performed using the t-test or analysis of variance (ANOVA) after normalization of the numerical distribution by 198 natural logarithmic transformation. The ANOVA test of linear contrast of the means was used to evaluate trends across the 3 endpoints simultaneously. The 2 test or ANOVA was used to compare quartiles of sCD40L and endpoints to study covariates.
Logistic regression was used to evaluate the association of sCD40L quartiles to study endpoints with adjustment for demographics and risk factors. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were computed from these predictive models. Further statistical correction was performed, due to the multiple tests that were evaluated to compare the endpoints of no CAD versus CAD, no CAD versus CAD/event, and CAD versus CAD/event. The Bonferroni correction, a conservative method for multiple comparison adjustment, was used to set the critical p value for significance at p = 0.017.
Results
The 3 groups were balanced ( table 1 ), with patient age averaging 64 8 11 years. Of the patients, 74% were male, 54% had hypertension, 51% had hyperlipidemia and 18% had diabetes. As expected, patients with CAD and CAD/ event had a higher incidence of hypertension, hyperlipidemia and diabetes than patients without CAD (p ! 0.017). Patients with CAD who experienced a CVE were more likely to have a high CRP than patients without CAD and patients with CAD but without a CVE (p ! 0.017). There were no significant differences in smoking or family history of CAD in the 3 groups. There were no significant differences in any of the baseline characteristics when stratified by sCD40L quartiles ( table 2 ) .
Median ( 8 SE) sCD40L levels were significantly higher in patients without CAD (335 8 60 pg/ml) compared to patients with CAD who did not have a CVE (248 8 65 pg/ml, p = 0.01) and to patients with CAD who did have a CVE (233 8 63 pg/ml, p ! 0.001). Median sCD40L levels were not significantly different between patients with CAD who did not have a CVE and patients with CAD who did have a CVE (p = 0.24; fig. 1 ).
Higher sCD40L levels were associated with a nonsignificant trend towards a decreased risk of CAD versus no CAD (Q4 vs. Q1: adjusted OR = 0.71, 95% CI = 0.44-1.13, p = 0.15) and CAD/event versus no CAD (Q4 vs. Q1: OR = 0.59, CI = 0.37-0.96, p = 0.03), but not for CAD/ event versus CAD (Q4 vs. Q1: OR = 0.89, CI = 0.56-1.41, p = 0.61; table 3 ). Analyses showed no differences between men and women.
Discussion
In this patient population, elevated baseline sCD40L did not predict CAD and was not associated with a higher risk of death or MI. Interestingly, although not statistically significant, patients with CAD had lower sCD40L levels than patients without CAD. This is the first study, to our knowledge, to investigate the association between baseline sCD40L levels in a heterogenous population of stable non-ACS patients and long-term outcomes.
A few other studies have investigated sCD40L levels in patients without ACS. Schonbeck et al. [13] published a prospective, nested case-control study among healthy, middle-aged females (130 cases, 130 controls) participating in the Women's Health Study (WHS). Cases and controls were age-and smoking-matched and followed for 4 years. Mean sCD40L concentrations at baseline were higher among the 130 cases who developed MI, cerebrovascular accident or cerebrovascular death compared to those controls who remained free of these events (2.86 ng/ml vs. 2.09 ng/ml, p = 0.02). However, as the authors point out, most cases and controls had similar sCD40L levels at study entry; the difference in mean sCD40L levels was due almost entirely to an excess of very high values among cases (11 cases vs. 1 control had sCD40L levels greater than the 99th percentile cut point of 5.54 ng/ml). As a result, the study is limited by the small number of cases with markedly elevated sCD40L levels and the homogenous population (i.e. women only).
Tanne et al. [16] also evaluated sCD40L among more than 3,000 patients with chronic coronary disease. They found no increase in the odds of ischemic stroke or recurrent coronary events based on levels of sCD40L, with a relative odds of 0.97. In stratifying results by ischemic stroke and by recurrent coronary events, though, they did find potential trends toward decreased risk of recurrent coronary events (relative odds = 0.35) for elevated sCD40L, similar to the current study.
Previous studies in patients with ACS found that increased levels of sCD40L were associated with an increased risk of death and MI. For example, Heeschen et al. [10] reported that in patients with ACS or acute chest pain, higher sCD40L levels were associated with a significantly increased risk of death or nonfatal MI at 6 months. Similarly, Varo et al. [12] published a nested case-control study of 195 cases with ACS and 195 controls. Patients who experienced one of the prespecified endpoints (death, MI or congestive heart failure) had significantly higher median sCD40L levels than controls (p ! 0.002). When sCD40L levels were divided into quartiles, patients with sCD40L levels in the third and fourth quartiles were more likely to experience an MI or the composite of death and MI.
Our finding that sCD40L levels in stable non-ACS patients were not predictive of long-term adverse CVE is novel. Although the precise mechanism is unknown, one Data are presented as OR with 95% CI in parentheses. Covariables in the multivariable adjustments included hypertension, hyperlipidemia, diabetes, smoking, family history and high CRP (patients were matched on age and gender). * p = 0.03 (Bonferroni correction, critical p = 0.017). potential theory is that platelet activation and sCD40L release is upregulated during ACS but not in stable CAD. Platelet activation at the site of plaque rupture occurs during ACS [4, 17, 18] and is characterized, in part, by the formation of platelet-leukocyte aggregates. Higher numbers of circulating platelet-leukocyte aggregates have been found in patients with AMI or ACS [2, 19, 20] and unstable angina [21] compared to patients who had noncardiac chest pain or stable angina. In addition, circulating levels of platelet-leukocyte aggregates increase after percutaneous coronary angioplasty [19, 22] , a procedure which disrupts the endothelium, resulting in platelet activation. Another possibility for our findings is confounding by antiplatelet therapy in those with known CAD, which might be responsible for reducing sCD40L release from platelets. It is likely that patients with CAD were on aspirin therapy at the time of enrollment, while those without CAD were less likely to be on aspirin.
Since platelet activation leads to increased sCD40L release [6, 7] , it is no surprise that levels of sCD40L are higher in patients with unstable angina, the pathophysiology of which is plaque rupture, compared to patients with stable angina or noncardiac chest pain. Aukrust et al. [11] studied 29 patients with stable angina, 26 patients with unstable angina and 19 controls. Patients with unstable angina had significantly higher sCD40L levels when compared to either patients with stable angina or controls. Cardiopulmonary bypass [22] and percutaneous coronary angioplasty [11] , procedures which disrupt the endothelium leading to platelet activation, induce a rise in sCD40L levels. Taken together, these studies suggest that unlike CRP, sCD40L is not a marker for chronic inflammation and coronary atherosclerosis but instead is an indicator of platelet activation that may play a more significant role in the ACS patient than the stable patient without ACS.
Limitations
This study may be limited by the potential biases inherent in observational studies, including that patients were potentially at higher CAD risk than the general population. These findings should be replicated, including comparisons to controls from the general population. However, some potential confounders were dealt with by design (i.e. age and sex) and others by multivariable analyses (i.e. hypertension, hyperlipidemia, diabetes, smoking, family history and high CRP). A strength of the study is that the actual coronary status of each patient was known from the gold standard test (i.e. angiography), thus eliminating the clinical uncertainty inherent in many population-based studies where the study endpoint is a surrogate CAD measure (e.g. symptoms) or only acute events are measured.
Conclusion
In contrast to previously reported information in patients with acute coronary syndrome, in these stable patients elevated levels of sCD40L did not predict CAD and were not associated with a higher risk of clinical events (death, MI). In fact, a trend towards lower sCD40L levels in stable CAD compared to non-CAD patients was observed. This novel finding that sCD40L levels did not predict increased risk of death or MI in stable non-ACS patients suggests that unlike CRP, sCD40L is not associated with chronic inflammation; rather, it increases during acute ischemia in response to platelet aggregation and activation. Additional studies are needed to further clarify the role of sCD40L in coronary heart disease.
